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ABSTRACT
Background: Oral immunotherapy (OIT) has been recognized as a promising treatment 
for severe and long-lasting cow's milk (CM) allergy. Once maintenance has been achieved, 
patients should maintain daily intake of CM to ensure desensitization. Clinical experience 
concerning long-term follow-up is scarce.
Objective: The authors aimed to assess long-term efficacy and safety of a maintenance phase 
of OIT in real life.
Methods: Prospective study of all children and adolescents, who underwent CM-OIT and 
were subsequently followed at our allergy center on maintenance dose (200 mL daily) for at 
least 36 months after reaching the maintenance phase (from 2009 to 2016).
Results: Forty-two patients were enrolled: 60% male, 36% with history of anaphylaxis and 
57% with asthma. The median time of follow-up was 69 months (range, 39–105 months) 
and the median age at the last clinical evaluation was 13 years (range, 6–23 years). Regarding 
adherence to the protocol: 92% are on free diet (at least 200 mL of CM daily; 7-g protein); 
14% had transient interruptions and 7% definitely withdrawn with loss of tolerance. During 
maintenance, 45% developed mild to severe allergic reactions, and 7% had more than 3 
episodes. A positive correlation between the occurrence of allergic reactions and history 
of anaphylaxis (p < 0.001) was found. The coexistence of asthma was risk factor for the 
occurrence of allergic reactions during maintenance.
Conclusion: This real-life study supports long-term efficacy and safety of CM-OIT. Despite 
daily intake, 41% had symptoms at some moment during the complete follow-up period; a 
total of 33 symptomatic days in patients with mean follow-up time of 67.5 months. Clinical 
tolerance depends on daily intake. The protective effect reached can be lost after CM 
withdrawal. History of anaphylaxis was a risk factor for the occurrence of allergic reactions 
during the maintenance phase.
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INTRODUCTION

Cow's milk (CM) is one of the major causes of food allergy in childhood. In a systematic 
review and meta-analysis of European studies, the self-reported lifetime prevalence of CM 
allergy (CMA) was 6% [1]. Retrospective studies showed that the prognosis is worse than 
previously reported, with increasing rates of CMA persistence up to adolescence [2]. Strict 
avoidance might be difficult since the widespread use of CM in processed food, particularly in 
those patients who react even with very small amounts of CM.

Oral immunotherapy (OIT), an innovative strategy, has been recognized as promising, 
effective and reasonably safe treatment for severe and long-lasting CMA [3-5]. Actually there 
are several published protocols with varied schemes of build-up and induction phases [6-8]. 
Additionally, different approaches (oral, sublingual, sublingual-oral) and durations until 
maintenance phase have been used [9, 10]. No protocol has already been gathered consensus. 
Overall, CM-OIT protocols include 2 distinct stages: an induction phase (progressive 
increases of threshold doses up to target dose) and a maintenance phase. The main goal is to 
achieve a long-lasting protective effect, which is assumed to be a state of clinical tolerance. 
Once achieved the maintenance phase patients are advised to keep regular intake of CM to 
ensure a tolerant status. Some patients can achieve sustained unresponsiveness, despite 
periods of withdrawal, while others need to fulfill regular consumption to maintain it. There 
is insufficient evidence whether clinical tolerance is transient or persistent [11]. Therefore, 
we cannot predict the risk of irregular CM ingestion. Some studies have reported loss of 
tolerance when ingestion is discontinued even on short periods [12, 13]. However, the 
minimal frequency of exposure to keep protection has not yet been established. For instance, 
a twice weekly ingestion scheme showed to be as effective as daily maintenance [14]. Clinical 
experience concerning long-term follow-up of these patients is limited.

In this survey, we aimed to assess the real life long-term efficacy and safety of the 
maintenance phase of a CM-OIT protocol that has been developed in our allergy center.

We envisioned evaluating the adherence to the protocol, defined as daily consumption of 
CM and free diet, along with the occurrence of allergic reactions. Furthermore, we sought 
to examine the course of maintenance phase in high-risk patients, namely with asthma and 
previous history of anaphylaxis.

MATERIALS AND METHODS

Study design
We have performed a prospective and noncontrolled study of all children and adolescents, 
who underwent CM-OIT and were subsequently followed at our department on maintenance 
dose (200-mL CM daily), for at least 36 months after reaching the maintenance phase (from 
2009 until 2016).

Patients
Children aged 2–18 years, with persistent and moderate to severe IgE mediated CMA 
diagnosis were considered eligible for CM-OIT. CMA diagnosis was based on clinical history 
and an IgE-mediated underneath mechanism was confirmed by the presence of positive 
skin prick tests (wheal greater than or equal to 3 mm for CM and CM proteins) and/or 
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positive CM-specific IgE (greater than or equal to 0.35 kU/L). Serum-specific IgE antibodies 
(ImmunoCAP, Thermo Fisher Scientific, Waltham, MA, USA) to CM and milk proteins were 
performed before and after protocol. Before starting CM-OIT all children had a positive oral 
food challenge after an avoidance period or had a reproducible history on the previous year of 
an allergic reaction after exposure to small amounts of CM during the avoidance period.

Coexisting respiratory and cutaneous allergic diseases (allergic rhinitis, asthma, and atopic 
dermatitis) were properly controlled before the beginning of the CM-OIT protocol and were 
kept under surveillance during the maintenance period.

A trained medical team who designed the protocol and is experienced in this methodology has 
performed the overall clinical and social evaluation of all patients. Additionally, a systematic 
laboratory plan for follow-up was settled up during maintenance phase of CM-OIT protocol.

CM-OIT protocol
The induction phase comprises the introduction of increasing amounts of nondiluted, 
unprocessed, and unheated CM, beginning with sublingual doses and gradual increases of 
the threshold dose at predetermined intervals, within 14 to 28 days. The up dosing was always 
performed at our center. In each hospital session a fixed dose for daily ingestion to be taken 
at home has been established. The protocol (Table 1) includes usually 5 sessions (adjustable 
in case of a slower up-dosing regimen) [15]. To all patients an emergency written plan 
has been given, including oral, inhaled and injectable medication (adrenaline) to be used 
according to the severity of the allergic reaction. A mobile phone number of the medical team 
has been available for all patients, 24 hours a day.

The protocol has successfully if the target dose of 200 mL daily intake has been reached 
(corresponding to 6.6–7 g of CM proteins).

All legal guardians were fully informed about the procedures (risks and possible adverse 
reactions) and all of them signed an informed consent according to the Helsinki Declaration.

Statistical analysis
Data was analyzed using IBM SPSS Statistics ver. 23 (IBM Corp., Armonk, NY, USA). 
Quantitative variables with normal distribution were presented as mean ± standard 
deviation. Variables without normal distribution were presented as median and range. 
Categorical variables were described as absolute and relative frequencies and were expressed 
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Table 1. Dosing schedule of the induction phase of our cow's milk oral immunotherapy protocol
Variable Session

1 (day 1) 2 (days 14 to 28) 3 (days 28 to 56) 4 (days 42 to 70) 5 (days 56 to 84)
Dose 1 Drop* 1 mL 10 mL 50 mL 100 mL

2 Drops* 5 mL 10 mL 50 mL 100 mL
3 Drops* 5 mL 20 mL (interval 2 hr) (interval 2 hr)
4 Drops* 10 mL 20 mL 100 mL 200 mL

0.1 mL 10 mL 50 mL
0.2 mL
0.5 mL
0.5 mL

1 mL
Interval between doses 20–30 min (*sublingual) 20–120 min
Maintenance dose (home) 0.5 to 1 mL twice daily 5 to 10 mL twice daily 20 to 50 mL twice daily 100 mL twice daily 200 mL daily 

(... progressive free diet)
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as percentages. A p value less than 0.05 was considered as significant. Odds ratios were 
calculated with confidence interval of 95%. Associations between variables were determined 
using Pearson chi-square test, Mann-Whitney test and Fisher test.

RESULTS

Patients
We enrolled 42 patients (Table 2) who successfully undertaken CM-OIT protocol, defined 
as clinical tolerance of target dose (200 mL daily), with a follow-up time after reaching the 
maintenance phase for more than 36 months.

Almost all patients had other allergic diseases (95%) with significant prevalence of asthma 
(57%). Only 2 patients did not suffer from other allergic comorbidities (Table 2).

Before starting CM-OIT all children had proven CMA. Most of them have a reproducible 
history during last year of an allergic reaction after exposure to small amounts of CM during 
the avoidance period. We point out that 15 children (36%) had history of CM anaphylaxis. In 
those cases where there was not any history of accidental contact on the previous year an oral 
challenge test before starting CM-OIT was performed, which has been positive in all cases, 
from only after sublingual contact to less than 5 mL of CM.

Clinical outcomes
The median time of follow-up during the maintenance phase was 5.75 years (range, 3.25–8.75 
years). Regarding the adherence to protocol during this period, 92% maintained diet without 
restrictions including daily ingestion of 200 mL of CM (36 of 39 adherent patients). Overall, 
93% were adherent patients (39 of 42), since they keep daily ingestion of 200-mL CM.

Six patients (14%) had transient interruptions of daily ingestion; 2 due to allergic reactions, 3 
due to poor adherence to the protocol, and 1 by personal choice.

Three patients completely suspended CM intake (noncompliance). After ingestion 
withdrawal, 2 of them developed allergic reactions, with progressively smaller amounts 
of CM. One patient kept butter intake, but has reported mucocutaneous symptoms up 
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Table 2. Clinical characteristics of the study group (n = 42)
Characteristic Value
Male sex 60%
Age of CMA diagnosis (mo), median (range) 4 (0.5–12)
History of anaphylaxis 36%
Atopic dermatitis 33%
Asthma 57%
Allergic rhinitis 79%
Multiple food allergy (egg, tree nuts, peanut, fish, and shellfish) 24%
CM-OIT (induction phase)

Age at CM-OIT initiation (yr), median (range) 6 (2–18)
Period until target dose (mo), mean ± SD 5.1 ± 2.7

CM-OIT (maintenance phase)
Age at beginning (yr), median (range) 6.9 (2–18)
Age at last clinical evaluation (yr), median (range) 13 (6.7–23.8)
Time of follow-up (mo), median (range) 67 (37–103)

CMA, cow's milk allergy; CM-OIT, cow's milk-oral immunotherapy; SD, standard deviation.
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on exposure to processed foods containing higher amounts of CM. Another child had 
mucocutaneous and gastrointestinal symptoms after CM intake, for which he returned to 
soymilk. Nevertheless, he still tolerates processed foods with small amounts of baked CM.

During maintenance phase 45% (n = 19) developed allergic adverse reactions. Despite daily 
intake (n = 37), 41% (n = 15) had symptoms at some moment during the follow-up period. 
Overall, adherent patients with reactions during maintenance phase had a total of 33 
symptomatic days in 67.5 months of mean follow-up time (Table 3).

CM-OIT elicited adverse reactions in 19 children who successfully completed the treatment. 
Cutaneous, oropharyngeal, and gastrointestinal symptoms were the most predominantly 
reported, mainly mild reactions. Six patients had moderate to severe systemic reactions. The 
occurrence of symptoms, even severe reactions, did not lead to discontinuation of CM-OIT. 
Further characterization of adverse reactions is detailed in Fig. 1.

Most of these reactions (n = 13) occurred in the presence of cofactors, such as exercise (n = 8) 
or during infections (acute rhinosinusitis-2, gastroenteritis-2, or respiratory infections-4). Few 
patients (7%) developed more than 3 adverse reaction episodes. All episodes had complete 
resolution at home after proper treatment. There were 2 cases of CM dependent exercise-
induced anaphylaxis. Despite the occurrence of these 2 systemic reactions, adrenaline was not 
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Table 3. Safety of oral immunotherapy during maintenance
Allergic reaction & symptom No.
Allergic reactions

<3 episodes 16
≥3 episodes 3
No allergic reactions 23

Symptoms
Mucocutaneous 17
Respiratory 7
Gastrointestinal 3
Systemic reactions (at least 2 systems involved) 2
Headaches 1

Urticaria Facial
swelling

Pruritus Rhinorrhea/
sneezing/

nasal
congestion

Cough Dyspnea Throat/
oral

symptoms

Abdominal
pain

Emesis Headache
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Fig. 1. Characterization of the adverse reactions: symptom grading. GI, gastrointestinal.
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required to treat any of these patients. Those patients were successfully treated by caregivers 
using oral and inhaled medications.

Clinical risk factors
Since 45% of patients had reactions during maintenance, we have analyzed which clinical 
factors could be associated to the occurrence of allergic reactions. We have included a 
significant number of high-risk patients: 57% of asthmatics, 36% with previous history of 
anaphylaxis, and 21% with both risk factors (9 patients had asthma and history of anaphylaxis).

Among patients with history of anaphylaxis (15 patients), we found that 12 of them had 
reactions during the maintenance phase. A positive correlation, and highly statistically 
relevant, has been found between the occurrence of allergic reactions during maintenance 
phase and history of anaphylaxis to CM (80% of reactions in the group with anaphylaxis 
comparing to 26% without anaphylaxis history; odds ratio [OR], 11.382; p < 0.001).

Asthma history was slightly more frequent in children with reactions during the maintenance 
phase (58%) although not statistically significant (p = 0.929). In children with history of 
anaphylaxis, the coexistence of asthma was a risk factor, considered statistically significant, for 
the occurrence of reactions during the maintenance phase (37%; OR, 4.896; p = 0.027).

Comparing patients with and without adverse reactions (19 and 23 of them, respectively), 
we found no statistically significant difference in the occurrence of allergic reactions during 
the maintenance based on IgE levels to CM prior to OIT (p = 0.4950, Mann-Whitney). Even 
if we define a cut off value of 3 and 3.5 kU/L of CM-IgE levels we found the same result (no 
statistically significant; p = 0.3532 and 1.0000, Fisher test). According to our results, specific 
IgE levels cannot be considered as risk factor of poor outcome (Table 4).

DISCUSSION

This real-life study sustains long-term efficacy and safety of CM-OIT. Our results have shown 
a great adherence to the protocol during the maintenance phase (93% of adherent patients). 
Daily intake of 200 mL ensures desensitization and enables diet without restrictions. 
However, among patients who fulfilled regular ingestion, 45% occasionally developed mild 
to moderate allergic reactions and 2 severe systemic reactions, which were exercise-induced. 
Symptoms were always successfully managed at home, according to an emergency written 
plan, under instructions provided by the medical team and by phone. The treatment of 
allergic reactions during the maintenance phase was the same as during the induction phase.

Regarding the safety, OIT studies for CM allergy has been associated an increased risk of 
systemic adverse reactions, as well as local (minor cutaneous/oropharyngeal/gastrointestinal) 
adverse reactions [16].
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Table 4. Specific IgE levels and allergic adverse reactions before and after treatment.
Patient Mean cow's milk IgE levels (kU/L)

Before OIT After OIT
All patients (n = 42) 13.39 4.18

Patients with adverse reactions after OIT (n = 19) 13.34 4.99
Patients without adverse reactions after OIT (n = 23) 13.43 3.47

OIT, oral immunotherapy.
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The safety of CM-OIT and the persistence of clinical tolerance to CM during maintenance 
phase depend on several factors: constant CM formulation; frequency of ingestion; control of 
cofactors and the risk factors; recognition and proper treatment of allergic reactions.

The CM formulation used during maintenance phase is the same UHT (ultrahigh 
temperature) pasteurized CM, with or without lactose, used during the induction phase. 
Other dairy products can be used, taking into consideration their protein CM content, to 
ensure that the daily dose of protein is progressively increased. We are strongly against the 
consumption of dairy product made from goat's or sheep's milk, for which we have given this 
recommendation to all patients. In our center, we have already had 2 anaphylactic reactions 
requiring intramuscular adrenaline during the maintenance phase (one on the first year and 
another on the fifth year of follow-up) due to the consumption of goat's cheese and goat's 
milk in 2 patients that otherwise were tolerant to CM daily ingestion and free diet. This event 
was also supported by a Spanish case report [17]. Daily CM dose should also be administered 
at room temperature, without heating, due to the possibility of reaction to the thermolabile 
conformational changes in CM proteins. Again, we have already noticed symptoms after 
consumption of heated CM, during maintenance phase.

Reactions during the maintenance phase might be related to poor adherence to the daily 
ingestion [18, 19] or related to the effect of cofactors [20].

Patients who discontinued CM ingestion, lost clinical tolerance even to small amounts of CM. 
Overall, in our study, four patients discontinued CM daily ingestion (noncompliance): one 
patient still tolerates butter, but reacts to other dairy products containing higher amounts 
of CM protein; another kept consumption of 1 yogurt weekly or less and the remaining two 
patients developed allergic reactions with small amounts of CM, tolerating low content 
of baked milk in processed food. It is likely that the efficacy of CM-OIT only lasts if CM is 
regularly consumed. While some patients might achieve CM sustained unresponsiveness, 
others maintain tolerance only if they keep regular ingestion, though not daily [18, 19].

Almost all protocols of CM-OIT recommend administering daily doses during the 
maintenance phase. There is no strong evidence to recommend less frequent dosing, 
since a lesser frequency of exposure may result in losing the desensitization effect [21]. 
No differences in the occurrence of allergic reactions were observed comparing protocol 
schedules involving daily doses to twice weekly doses [14]. However, a decrease in dosing 
frequency or lack of adherence to daily ingestion might result in higher rate of allergic 
reactions [18].

Concerning long-term efficacy, the first long-term follow-up study (4 years and 8 months) 
performed by Meglio et al. [19] confirmed a persistent effect of oral desensitization 
protocol, with 13 out of 14 children showing total tolerance. Lately, other authors reported 
less satisfactory outcomes. A Spanish prospective study [8] that evaluated the efficacy of a 
rush desensitization protocol in 18 CMA children found out that after 2 years 72% of them 
achieved full tolerance, keeping a diet without restrictions. Looking at the persistence of 
allergic reactions, a recent multicentric Italian study [22] showed that some children (36.4%) 
who consumed the offending food occasionally, developed reactions similarly to those which 
reacted before the intervention. According to Keet et al. [23], children followed-up after 3.2 
to 4.5 years after CM-OIT, lost desensitization over time, and only 31% of them tolerated 
CM with minimal or without symptoms. Elizur et al. [24] reported that among 92.3% (180 of 
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195) who were consuming milk protein regularly, half of them experienced adverse reactions, 
mostly mild. Nevertheless 6.7% required injectable adrenaline.

The presence of cofactors, such as exercise following CM ingestion, fasting, infection, 
or uncontrolled asthma are risk factors for the occurrence of allergic reactions even in 
the maintenance phase [18, 20, 25-27]. Considering the influence of these cofactors not 
only during induction phase but also during maintenance, patients are strictly advised 
to avoid vigorous physical activity within 2 hours after CM ingestion. In our experience, 
some patients have reported mild to moderate symptoms when they had gastrointestinal 
or respiratory infections. These infections explain a decrease in the clinical threshold of 
CM, and therefore it is advised to have a transient reduction of the daily dose of CM until 
complete recovery. When the dosing frequency was reduced or temporarily suspended for a 
few days, the administration of the following dose has been made at hospital, under medical 
supervision, due to a higher risk of an allergic reaction. This up-dosing session at hospital 
setting was well-tolerated in all cases. Considering the remaining cofactors, exercise has 
assumed to be the major trigger to elicit allergic reactions in our patients (62%). We have 
observed that some patients developed reactions when CM ingestion was immediately 
followed by exercise (i.e., running, football, volleyball). This association between exercise 
and breakdown in clinical tolerance to CM has been described [26, 28]. The underlying 
pathophysiological mechanisms have not yet been clearly understood. One of the hypotheses 
proposed is related to the induction of a higher gastrointestinal permeability during exercise 
[29]. Although there is no evidence of the effect of fasting upon the safety of CM-OIT, most 
studies recommend avoiding administration of the dose during fasting, since there is a faster 
allergen absorption and an increased risk of allergic reactions [21].

We have identified the history of previous anaphylaxis as a risk factor for the occurrence of 
mild to moderate reactions during the maintenance period. Comparing to other studies, 
which included children with severe CMA (anaphylaxis), the incidence of adverse reactions 
during the rush phase and at home was higher than was observed in other studies where 
high-risk patients were excluded [6, 7]. A higher reaction rate after immunotherapy was 
associated with the occurrence of more anaphylactic episodes before treatment and at a lower 
starting dose [24].

In our asthmatic patients, the occurrence of allergic reactions during maintenance was 
slightly higher, but this observation was not statistically significant. Several studies reported 
that coexisting asthma is a risk factor for the persistence of IgE-mediated CMA [2, 30]. In 
this context, Vázquez-Ortiz et al. [20] demonstrated that patients with asthma have more 
frequent and persistent reactions during CM-OIT. A controlled study including patients with 
and without asthma showed that asthmatic patients are at risk of severe reactions during 
CM-OIT and are less likely to reach complete desensitization. Nonetheless in most cases, 
the reactions subside with time [31]. In patients with previous anaphylaxis, the coexistence 
of asthma is a risk factor associated to fatal anaphylactic reactions and asthma is the most 
important risk factor in CM-OIT, causing more severe and persistent allergic reactions during 
treatment [21].

In our patients, CM-IgE antibodies were not helpful as predictive risk factors of adverse 
reactions. The majority of the studies reported that OIT did not reduce allergen-specific 
IgE levels [16]. However, some authors found that children who discontinued OIT, due to 
adverse effects, had IgE antibodies that bound to CM peptides with greater intensity, broader 
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diversity, and greater affinity than in children who successfully completed OIT [32] as well as 
high IgE levels to milk proteins are associated with lower maintenance dose reached [33].

Few studies have assessed if OIT can lead to permanent tolerance or if they have only a 
transient desensitization effect. There are few studies on the long-term evolution and no 
evidence has yet been obtained regarding the minimum length of the maintenance phase. 
Some patients might lose tolerance after short periods of CM ingestion interruption 
[11]. Overall, in the literature the length of follow-up ranges from 3 up to 6 years and the 
desensitization is maintained from 31% to 100% of the patients [21]. According to Meglio et 
al. [19], one child interrupted the consumption of milk for 1 month and went back to lower 
dose (100 mL) straightforward. A Spanish prospective study has reported a worst outcome 
[8], in which 1 patient discontinued CM at home, after having reached maintenance, and 
developed an anaphylactic reaction at the hospital during an attempt to reintroduce it again. 
In a controlled study, 40% of children (6 of 15) who overcome a CM challenge after a 60-week 
maintenance period, regained reactivity after CM avoidance, 2 of them only 1 week afterwards 
and the others after 6 weeks [13]. Sato et al. [11] demonstrated that after a 2-year follow-up 
(daily intake of 200 mL) followed by an interruption for 2 weeks of CM ingestion, 75% of 
patients had been successfully desensitized, proven by an open oral challenge. The long-term 
outcomes of CM-OIT are heterogeneous: some patients lose their desensitization status over 
a long period of time; others maintain the tolerant status and can continue to consume a full 
serving or lower doses, without symptoms [18, 23].

Considering our results, along with published data, the benefits of a CM-OIT protocol 
seems to be quickly lost after its suspension. It is likely that the protective effect of an OIT 
can eventually require long-term ongoing exposure to develop tolerance. We can speculate 
that daily ingestion keeps a stable threshold to avoid allergic reactions. If daily intake is 
interrupted, the protective threshold decreases and might be progressively lost over time.

This real-life study showed that long-term course and outcomes are unpredictable and 
heterogeneous, depending on clinical risk factors (previous anaphylaxis and asthma), 
protocol adherence and cofactors. A significant number of patients still react occasionally 
during maintenance phase. Daily CM ingestion of the full serving amount (200 mL) enables 
a diet without restrictions, ensuring the maintenance of CM desensitization and decreasing 
the chance of a severe reaction upon accidental exposure. This intervention had a positive 
impact on both children and their families. We consider crucial to keep these patients under 
regular follow-up, emphasizing the importance of daily intake to guarantee the safety of the 
treatment, as well as the awareness of active disease and the possibility of the occurrence of 
allergic reactions.
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